Background: Since 2007 the Danish Health and Medicines Authority has advised total alcohol abstinence from the time of trying to conceive and throughout pregnancy. The prevalence of binge drinking among pregnant Danish women has nevertheless been reported to be up to 48 % during early pregnancy. Since the introduction of the recommendation of total abstinence, no studies have examined pre-pregnancy lifestyle and reproductive risk factors associated with this behaviour in a Danish context. The aims of this study were therefore to describe the prevalence of weekly alcohol consumption and binge drinking in early pregnancy among women living in the capital of Denmark. Secondly to identify pre-pregnancy lifestyle and reproductive risk factors associated with binge drinking during early pregnancy. Methods: Data were collected from September 2012 to August 2013 at the Department of Obstetrics, Rigshospitalet, Copenhagen, Denmark. Self-reported information on each woman's socio-demographic characteristics, medical history, and lifestyle factors including alcohol habits was obtained from an electronic questionnaire filled out as part of the individual medical record. Descriptive analysis was conducted and multivariate logistic regression analysis was used to assess the potential associated risk factors (adjusted odds ratio (aOR)). Results: Questionnaires from 3,238 women were included. A majority of 70 %, reported weekly alcohol consumption before pregnancy. The prevalence decreased to 3 % during early pregnancy. The overall proportion of women reporting binge drinking during early pregnancy was 35 % (n = 1,134). The following independent risk factors for binge drinking in early pregnancy were identified: lower degree of planned pregnancy, smoking and alcohol habits before pregnancy ((1 unit/weekly aOR 4.48, CI: 3.14 -6.40), (2-7 units aOR 10.23, CI: 7.44-14.06), (≥8 units aOR 33.18,). Multiparity and the use of assisted reproductive technology were associated with lower odds of binge drinking in early pregnancy.
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Conclusion: The prevalence of weekly alcohol consumption decreased considerably during early pregnancy compared with pre-pregnancy levels. Nevertheless one third of the pregnant women engaged in binge drinking. Identification of risk factors for this behaviour renders it possible not only to design prevention strategies, but also to target those most at risk.
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Background
Danish women have one of the highest frequencies of alcohol consumption among the Nordic countries [1] . In recent decades several studies on pregnancy and binge drinking -defined as consumption of five or more alcoholic beverages on the same occasion (one unit is defined as 12 grams of pure alcohol) [2] -have highlighted this area of research. In line with this, previous Danish studies have reported binge drinking prevalences of 24-48 % during early pregnancy [3] [4] [5] and this development should be continually followed.
The effect of low-to-moderate levels of alcohol on the fetus is debated, but there is strong evidence to support the association between heavy fetal exposure and adverse events such as preeclampsia, small gestational infant [6] and fetal alcohol spectrum disorder [7, 8] . While these effects are due to continuous exposure, a new emphasis is being put on binge drinking and the risk to the fetus due to peak alcohol exposure. The long-term effect of binge drinking on the neurobehavioral development of the offspring is debated. A cohort study from the Danish National Birth Cohort did not find consistent association between binge drinking and cognitive processes such as planning, organisation, and self-control at 5 years of age [9] . On the other hand, studies have found that binge alcohol exposure in the first weeks of pregnancy may predict difficult temperament and sleeping problems during infancy [10] . Furthermore, an association with learning difficulties and emotional development in childhood has been identified [11] [12] [13] as have an increased risk of antisocial personality traits and disorders in adulthood [14] . A recent meta-analysis using data from multiple studies stresses the importance of abstaining from binge drinking during pregnancy based on results showing borderline significant association between binge drinking and impaired child cognition at age 6 months to 14 years [15] .
With regard to birth outcomes such as preterm birth [16, 17] no association with binge drinking has been found, while the risk of stillbirth and infant mortality [18, 19] has been documented.
In 2007 the Danish Health and Medicines Authority changed the national guidelines to recommend total abstinence from alcohol for women trying to conceive and during pregnancy [20] . This is in line with many other European countries and based on a precautionary principle. No Danish studies have since then determined the prevalence of alcohol consumption among pregnant women nor identified those at risk of noncompliance. This is of importance because prevalences are not static and will vary over time with changing social norms and official policies.
Risk factors associated with drinking during pregnancy have been identified in international studies and include e.g. higher maternal age [21] , smoking [6, 22] , unintended pregnancy and binge drinking before conception [22] . To our knowledge however, no studies have investigated a range of reproductive characteristics with the risk of binge drinking including degree of pregnancy planning, time to pregnancy or use of assisted reproductive technology (ART) although women with ART have frequent contact with health care professionals. Additionally a low degree of pregnancy planning negatively influences the lifestyle related to pregnancy, such as lacking intake of folic acid supplement [23] . Knowledge of the pre-pregnancy factors associated with binge drinking could be of importance in the detection of women at risk of binge drinking as well as influence the organization of Danish health care.
The aims of this study were to describe the prevalence of weekly alcohol consumption and binge drinking in early pregnancy among women living in the capital of Denmark, and to identify pre-pregnancy lifestyle and reproductive risk factors associated with binge drinking during early pregnancy.
Methods

Study design and population
This study used data from the Copenhagen Pregnancy Cohort, a cohort of pregnant women attending the Department of Obstetrics, Rigshospitalet, University of Copenhagen, Denmark. The hospital serves both as a primary birth facility for Copenhagen city as well as a tertiary referral centre with a total of 6,236 deliveries in 2012 corresponding to approximately 10 % of all births in Denmark. Women with known alcohol use disorder are referred to a special care unit at another hospital in the Capital Region and therefore not included in this cohort.
All pregnant women who scheduled an appointment for their first trimester nuchal translucency scan in the period September 24 th 2012 to August 12 th 2013 were eligible to be part of this study. A nuchal translucency scan is offered to all pregnant women as part of the national prenatal screening program and in 2012 93 % of all Danish women attended this scan [24] .
These women received an email with a link to a clinical questionnaire available in both Danish and English and on average the women responded at 10 gestational weeks (interquartile range 8.7-11.4). Data were collected on socio-demographic characteristics, reproductive and obstetric history, general health status, medication, intake of dietary supplements, pre-pregnancy body mass index (BMI) and lifestyle factors before and during current pregnancy (see Additional file 1). The information was routinely transferred to the pregnant women's medical records as well as to a research database.
The study was approved by the Danish Data Agency (no. 2007-58-0015). In accordance with Danish legislation, approval from the Ethics Committee was not required. Informed consent was not obtained, as the study is a quality improvement project, which according to the Danish Health Authority recommendations valid at the time of implementation, did not require informed consent.
A total of 4,967 women received a link to the clinical questionnaire. After excluding women who miscarried before returning the questionnaire (n = 255), moved outside the municipality (n = 57), or had maternity service at another hospital (n = 39), 4,616 women remained. Out of these women a total of 4,031 responded to the questionnaire corresponding to a response rate of 87 %. With regard to the specific question on binge drinking 667 did not answer the question, and 126 did not remember (equivalent to 20 %), leaving 3,238 women for our analysis.
Questionnaire and study variables
The questionnaire has been critically evaluated by health care professionals and thereafter pilot tested on 200 pregnant women before use in our clinical setting. Questions on weekly alcohol consumption were phrased: How many drinks did you approximately have per week before you became pregnant (one drink is the equivalent of one bottle of beer, one glass of wine, or 4 cl. spirits)? and How many drinks do you currently have per week now that you are pregnant? Women were also asked specifically about binge drinking during pregnancy by: How many episodes have you had of drinking 5 or more units on a single occasion? In the questionnaire it was emphasised that this might also include the period before the pregnancy was recognized. The definition of a drink was in accordance with that put forward by the Danish Health and Medicines Authority, i.e. one standard drink is equal to 12 grams of pure alcohol and binge drinking is defined as consumption of five or more alcoholic beverages on the same occasion [2] .
Maternal characteristics in the study population were categorized as seen in Table 1 . The answers regarding binge drinking were classified yes/no as well as by number of episodes (0, 1, 2 and ≥ 3). Units of weekly alcohol consumption during pregnancy were categorized in three classifications (0, 1 and ≥ 2). The following covariates were also derived from the electronic questionnaire and decided to be included based on a review of the literature before making the analysis: parity, previous miscarriage, time to pregnancy, pregnancy planning, ART, exercise, alcohol before pregnancy and smoking before pregnancy. Parity was categorized as primipara (first pregnancy) or multipara (second or more pregnancy) and previous miscarriage (yes/no). Time to pregnancy was categorised in three intervals in months (0-2, 3-11 and ≥ 12) and pregnancy planning was divided into five response options on a Likert scale [23, 25] : very planned, fairly planned, neither planned or unplanned, fairly unplanned, very unplanned; ART (yes/no), where ART included treatment with hormones, in vitro fertilization (IVF), intra-cytoplasmic sperm injection (ICSI), insemination, sperm donation, operation or treatment with frozen eggs. Exercise (yes/no) and smoking (yes/no) represented pre-pregnancy lifestyle factors. Weekly alcohol consumption before pregnancy was categorized in units pr. week (0, 1, 2-7 and ≥ 8) in accordance with the Danish guidelines on low risk alcohol consumption for non-pregnant women, which recommend intake of less than 8 units per week [26] . The covariates 'Time to pregnancy' and 'Pregnancy planning' were included as it was hypothesized that the time period elapsing from the earliest attempt to conceive to actual pregnancy, and the degree of planning pregnancy, would influence the women's drinking patterns. The same argumentation prevailed for inclusion of ART.
Statistical analysis
We calculated the prevalence of reported binge drinking as well as weekly alcohol consumption before and in early pregnancy. To examine the association between lifestyle factors and reproductive history with binge drinking we performed univariate and multivariate logistic regression analysis. The univariate analysis included all the selected covariates and all were mutually adjusted in the multivariable logistic regression analysis. A priori maternal age, educational level and occupational status were considered potential confounders due to findings from earlier studies [18, 19] and therefore also included in the multivariate logistic analysis. Association was presented as unadjusted odds ratio (OR) and adjusted odds ratio (aOR) with 95 % confidence interval (CI). All statistical analyses were performed in SPSS 20.0 software (IBM).
Results
Maternal characteristics in the study population
The women in the Copenhagen Pregnancy Cohort had a mean age of 32 years (SD 5) and 82 % were healthy with no chronic disease, 93 % were living with a partner and 61 % were nulliparous. The majority spoke and wrote Danish (96 %) and nearly half had an academic degree (51 %). The mean pre-pregnancy BMI was 23 kg/m 2 (SD 4) and 77 % of the women had normal BMI ( Table 1) .
Prevalence of weekly alcohol consumption and risk factors for binge drinking
More than 70 % (n = 2,265) had weekly alcohol consumption before they became pregnant, with 18 % reporting consumption of 1 unit/week (n = 580), 47 % 2-7 units/week (n = 1507) while 6 % consumed ≥ 8 units/week (n = 178). During early pregnancy the proportion of women with weekly alcohol consumption was around 3 % with 2.6 % consuming one unit weekly (n = 86) while less than 1 % consumed two or more units weekly (n = 18). The overall proportion of women reporting binge drinking during early pregnancy was 35 % (n = 1134). More specifically 20.6 % (n = 669) reported one episode, 8.6 % (n = 278) reported two episodes and 5.8 % (n = 187) reported ≥ 3 episodes at the time of completing the questionnaire.
The results of the univariate and multivariate logistic regression analyses are shown in Table 2 .
After mutual adjustment for the variables in the multivariable logistic regression analysis the groups of women categorizing their pregnancy with a lower degree of planning or who were smokers before pregnancy had statistically significant increased odds of binge drinking. Alcohol consumption before pregnancy also gave statistically significant higher odds for binge drinking as women who reported drinking 1 unit/week had aOR 4.48 (CI: 3.14 -6.40), women reported drinking 2-7 units/week had aOR 10.23 (CI: 7.44-14.06) and those found that non-responders differed by having weekly alcohol consumption prior to pregnancy (p < 0.001), a lower degree of pregnancy planning (p < 0.001), a lower proportion of women receiving ART (p = 0.039) and shorter time to pregnancy (p = 0.031). Non-responders were comparable on all other counts (Table 3) .
Discussion
In this Danish study nearly three quarters of the women reported weekly alcohol consumption before pregnancy, with a major decline to around 3 % during early pregnancy. Around one third of the women reported binge drinking during early pregnancy. Risk factors for binge drinking were: lower degree of pregnancy planning, smoking as well as weekly alcohol consumption before pregnancy. Heavy weekly alcohol consumption before pregnancy (≥8 units/week) was the variable with the highest odds estimate for binge drinking (aOR 32.63, CI: 19.23-55.36). Multiparity or pregnant following ART were associated with lower odds of binge drinking in early pregnancy.
Comparison with existing literature
The fact that more than 70 % reported weekly alcohol consumption before pregnancy clearly illustrates that women generally do not comply with national guidelines.
This percentage is actually lower than newly reported levels of weekly alcohol consumption among Danish women of fertile age [5] , this in spite of the fact that since 2007 these guidelines have clearly recommended total alcohol abstinence while trying to conceive and during pregnancy. However, it is slightly lower than reported levels of 80 to 89 % found in neighboring Sweden as well as in Australia and New Zealand [27] [28] [29] [30] . The decline in weekly alcohol consumption during early pregnancy to 3 % in the Copenhagen Pregnancy Cohort is in accordance with contemporary literature, which also reports decreasing intake after confirmed pregnancy with a prevalence of approximately 5 % [23, 31] . While the proportion of women in the Copenhagen Pregnancy Cohort who engaged in one or more binge drinking episodes in 2012-13 was 35 %, another Danish study reported a prevalence of 22 % in early pregnancy with data from 2011 [23] . Data from a large regional cohort collected in the second largest city of Denmark (n = 56.545) in 2013 revealed that 40 % of the women included around gestational week 12 reported one or more episodes of binge drinking [5] . These different prevalences may be due to a diverse age distribution and socio-economic setting in the populations studied. Interestingly, the prevalence of binge drinking in early pregnancy presented in international literature ranges from 3 % to 55 % [22, [30] [31] [32] but is for the most part lower than the Danish figures. These differing binge drinking levels may indicate that it is difficult to generalize between populations, and prevalence should be understood in the regional context of the respective study.
The general Danish population has one of the highest levels of alcohol consumption in Scandinavia [33] and alcohol is widely accepted and normalized in Denmark [34] . It is likely that lifestyle prior to conception is carried into pregnancy. Perhaps the relatively high Danish level of weekly alcohol consumption before pregnancy and binge drinking during early pregnancy reflect an influence of the national alcohol culture on pregnant women as well as on those contemplating pregnancy.
An Australian qualitative study supports this notion. In semi-structured interviews 12 women expressed the dilemma of not wanting to reveal an early pregnancy and at the same time engaging in social events that included alcohol consumption. Furthermore the study found that women lacked knowledge about the potential harmful effects of alcohol on the fetus [35] . Similarly, the social norm as well as a lack of knowledge may partly explain why women in the Copenhagen Pregnancy Cohort engage in alcohol consumption.
We have, along with previous research, investigated risk factors for binge drinking and non-compliance with general recommendations. Strandberg-Larsen et al. examined binge drinking in the early and unrecognized part of pregnancy and found this was more common among nulliparous women, age group 25-29 years and in those with higher degrees of education [4] . Our findings confirm these results with regards to parity, but not age and education. Furthermore our study along with others has established that smoking [31] and weekly alcohol consumption before pregnancy are strongly associated with continued drinking in early pregnancy [4, 22, 27, 36] .
Another finding is that a lower degree of pregnancy planning is associated with binge drinking. This is in accordance with prior Danish results indicating that women with unintended pregnancies more often engage in binge drinking during early pregnancy than women with a very planned pregnancy [4, 23] . The association between a higher degree of pregnancy planning and lower rates of binge drinking is not unexpected given that compliance with overall guidelines before and during pregnancy is positively influenced by higher degree of pregnancy planning [23] .
We also found that being pregnant after ART reduced the odds of binge drinking. Perhaps this is due to a higher level of knowledge about the effects of alcohol because of information given at the fertility clinic or because these pregnancies are very well planned and this group is highly motivated to change lifestyle in order to achieve pregnancy. To our knowledge no other studies have examined the association between pregnancy after ART and binge drinking.
Strengths and limitations
Strengths of this study are the large sample size compared to previous studies [3, 29] and the fact that the hospital serves as a primary birth facility and is therefore representative for women in Denmark's capital Copenhagen. This is largely due to the recruitment strategy of inviting women to participate when booking their first trimester nuchal translucency scan -a part of the routine Danish antenatal screening program. A further strength is the recentness of the data (2012-2013), which must be interpreted to reflect the current pattern of alcohol consumption. In addition our questionnaire was translated into English and as a result we included women not understanding Danish, which was 4 % in our study population. In earlier Danish studies [4, 37] good Danish speaking skills have often been inclusion criteria, which may have led to an underrepresentation of nonDanish speaking women. Although we made an effort to minimize recall bias by obtaining information on alcohol consumption early in pregnancy [38] , we acknowledge that the risk of reporting bias is a potential limitation. It is plausible that pregnant women underreport alcohol habits [29, 38] and this may also be the case in our study. The missing data on binge drinking (n = 793) may be an indication that these questions are of a sensitive nature and subject to social-desirability bias [35, 39] . With regard to the key question on binge drinking, nonresponders were characterized by having weekly alcohol consumption before pregnancy (p < 0.001) and a lower degree of planned pregnancy (p < 0.001) compared to those who answered the question. Given that weekly alcohol consumption and a lower degree of pregnancy planning were found to be associated with binge drinking this might have led to an underestimation of the prevalence of binge drinking. Furthermore, we are aware of the risk of underestimation of adjusted odds ratios for the associations between weekly alcohol consumption and pregnancy planning with binge drinking. It is difficult, however, to assess whether odds ratios for all other covariates could possibly be affected and whether this is leading to underestimation, overestimation or unchanging estimates.
In our study around 20 % did not respond the question about binge drinking. When the outcome is missing, there are generally no benefits in imputing the outcome, unless there is access to an auxiliary variable that is highly correlated with the outcome but not included in the multivariable model [40] . As we have included all important predictors in the multivariable model, we have no such extra variables that can be used in an imputation model. Actually, using imputed values of the dependent variable does not provide additional information but instead introduces additional error due to simulation error.
Though our questionnaire has been pilot-tested it can be discussed whether the lack of psychometric validation for the variable "degree of pregnancy planning" is a limitation in our study. Methods for measuring pregnancy planning have varied widely between studies and each has different merits and shortcomings [41] . Our finding that pregnancy planning is associated with binge drinking is in accordance with studies both by Backhausen et al. [23] and Tyden et al. [25] . Backhausen utilized the multi-itemed London Measure of Unplanned Pregnancies that has undergone validation [42] .
The way of phrasing the questions should also be taken into consideration when describing drinking patterns of pregnant women. Furthermore, some studies have calculated separate rates for binge drinking before and after recognized pregnancy respectively [4, 22, 27] ; we did not. Women in the Copenhagen Pregnancy Cohort were encouraged to recall the time before they knew of their pregnancy, but were not specifically asked to distinguish between the period before and after, respectively, of knowledge of their pregnancy. If women did indeed engage in binge episodes because they were unaware of their pregnancy as suggested in previous Danish studies [4, 5] , this may be a potential limitation in our study. Such a distinction may be advantageous in future studies.
While there is no gold standard for collection of data on alcohol consumption, questionnaires and interviews have been found to provide comparable data [43] . A self-administered questionnaire, which was our choice, is acknowledged to be a good method for obtaining information on lifestyles related to less socially acceptable behaviors such as drinking and smoking [43] .
Implications
The findings from our study may indicate a need for enhanced preconception care because of the marked differences between Danish national recommendations on alcohol abstinence in relation to conception and during early pregnancy and actual habits among women. The results emphasize that information should target not only pregnant women but also those intending pregnancy. This may have a positive effect on alcohol consumption in the unrecognized and early part of pregnancy. Furthermore, our study identified certain characteristics in pregnant women who engage in binge drinking and with this knowledge it is possible not only to design prevention strategies but also to target those women most at risk. Future clinical intervention studies are needed to examine the effect of such targeted prevention strategies in the preconception period on the rates of binge drinking.
Conclusion
More than seventy percent of women in the Copenhagen Pregnancy Cohort reported weekly alcohol consumption in the period before pregnancy. Although most of these women had changed behavior at the time of answering the questionnaire, this study also finds that more than one third of the pregnant women report binge drinking in early pregnancy. While this may be because the pregnancy is not yet recognized, it remains a matter of particular concern and contrary to national recommendations on alcohol. This study found the factors associated with binge drinking to be: low degree of pregnancy planning, smoking, and alcohol habits before pregnancy. The study therefore emphasizes a need for information and enhanced preconception care to address alcohol habits in early pregnancy.
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